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Abstract  

Among t h e  promising new techniques t o  produce l i q u i d  hydrocarbon f u e l s  from coa l  i s  
coal/petroleum coprocessing based upon the  use o f  heavy o i l ,  t a r  sand bitumen and 
petroleum res idua as "solvents" f o r  the  conversion o f  coal .  Coprocessing i s  the  
simultaneous hydrogenation o f  coa l  and heavy o i l  f r a c t i o n s  i n  s p e c i a l l y  designed 
reac tors  w i t h  coa l  contents by weight ranging from as low as 1% t o  p o t e n t i a l l y  as 
h igh  as 50-60% depending upon t h e  technology employed. The r e s u l t s  o f  a study on 
the p o t e n t i a l  f o r  coa l / res idua l  o i l  coprocessing i n  the  Uni ted States are addressed 
i n  t h i s  paper. 

I n t r o d u c t i o n  

Economics, the  d e s i r e  f o r  l e s s  dependence upon the  impor ta t ion  o f  f o r e i g n  o i l ,  and 
the  dep le t ion  o f  l i g h t e r  crudes i n  the  Un i ted  States has l e d  t h e  r e f i n i n g  indus t ry  
t o  process heavier crudes and bitumens. Upgrading and conver t ing  these heavy o i l s  
t o  d i s t i l l a t e  l i q u i d s  us ing  convent ional  petroleum thermal cracking, c a t a l y t i c  
cracking and/or hydrocracking technologies has requ i red  the  i n s t a l l a t i o n  o f  c o s t l y  
equipment t o  handle the heavier o i l s .  
evidence t o  suggest t h a t  heavy o i l  converts more r e a d i l y  i n  the  presence o f  coa l  and 
t h a t  s i g n i f i c a n t  demeta l l i za t ion ,  d e s u l f u r i z a t i o n ,  d e n i t r i f i c a t i o n  and conversion o f  
asphaltenes t o  o i l s  a lso  occurs. Thus t h e  simultaneous conversion o f  coa l  and 
petroleum heavy o i l  f r a c t i o n s  t o  produce d i s t i l l a t e  l i q u i d  products w h i l e  upgrading 
the remaining heavy o i l  m e r i t s  f u r t h e r  i n v e s t i g a t i o n .  This type  o f  process, termed, 
c o a l / o i l  coprocessing has t h e  p o t e n t i a l  f o r  being an e f f e c t i v e  method f o r  conver t ing  
coal t o  l i q u i d s  and f o r  in t roduc ing  coal  l i q u i d s  i n t o  the  market p lace  i n  a cos t  
e f f e c t i v e  evo lu t ionary  manner w h i l e  g r e a t l y  reducing the  c a p i t a l  investment 
associated w i t h  the  h i s t o r i c a l  approach f o r  e s t a b l i s h i n g  a l i q u e f a c t i o n  indus t ry .  
Among t h e  a d d i t i o n a l  p o t e n t i a l  b e n e f i t s  f o r  the  implementation and u t i l i z a t i o n  o f  
the  coprocessing concept are: 

There e x i s t s  i n  the  l i t e r a t u r e  s u f f i c i e n t  

Prov is ion  o f  a l i n k  o r  b r idge between present day r e f i n i n g  technology and a 
t o t a l  coal based syn fue ls  indus t ry .  

Improved economics compared t o  d i r e c t  coal  l i q u e f a c t i o n  due t o  smal le r  p l a n t  
sizes, due t o  lower hydrogen requirements and t h e  e l i m i n a t i o n  o f  t h e  use o f  
process der ived  so lvent  recycle.  

Residuum demeta l l i za t ion ,  improved product y i e l d s  and mix. 

Min imiza t ion  o f  t h e  product ion o f  gases and undesirable by-products; such as 
h igh  s u l f u r  coke. 

Continued use o f  the  U.S. hydrocarbon f u e l  i n f r a s t r u c t u r e .  

A means o f  extending petroleum reserves by  reducing crude u t i l i z a t i o n  
requirements. 
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Coprocessing Schemes 

The coprocessing schemes under considerat ion are genera l l y  an extension o f  two-stage 
coal  l i que fac t i on  and a p p l i c a t i o n  of residuum hydrocracking technology. I t  has been 
recognized t h a t  a p o s s i b l e  synergism e x i s t s  between coal  der ived 1 i qu ids  and 
petroleum der i ved  res idua.  Coprocessing improves the  q u a l i t y  o f  syn the t i c  l i q u i d  
fue l  products from coal  by d i l u t i n g  them d i r e c t l y  w i t h  petroleum-derived l i q u i d s .  
Coal l i q u i d s  con ta in  a much h ighe r  p ropor t i on  o f  aromatics compared t o  conventional 
petroleum-derived l i q u i d s ,  and the  non-aromatic p o r t i o n  tends t o  be naphthenic 
r a t h e r  than p a r a f f i n i c .  Coal l i q u i d s  con ta in  s i g n i f i c a n t  amounts o f  h igh l y -po la r  
compounds, and asphaltenes, b u t  a r e l a t i v e l y  low amount o f  s u l f u r  conta in ing 
compounds. 

Fur ther ,  petroleum-derived naphtha, i s  low i n  n i t rogen  and oxygen. 
naphtha, on t h e  o the r  hand, has h ighe r  n i t r o g e n  and oxygen contents, i s  eas ie r  t o  
reform, and has a h ighe r  octane number. 
petroleum-derived l i q u i d  can prov ide some p o s i t i v e  impacts on the  o v e r a l l  product 
q u a l i t y .  

Broadly speaking, t h e  coprocessing processes can be d i v ided  i n t o  f o u r  categor ies:  

o Hydro -ca ta l y t i c  processes 
o E x t r a c t i v e  processes 
o Thermal processes ( n o n - c a t a l y t i c )  
o Hydro-thermal processes 

The f i r s t  category i nc ludes  HRI,  Lumnus, CANMET, UOP, Chevron and Kerr-McKee 
processes. 
s o l i d s  removal and deasphal t ing by Kerr-McGee, UOP and Lumnus. 
f a l l s  i n t o  t h e  thermal process category. The process cond i t i ons  are somewhat 
between those v i sb reak ing  and delayed coking. The Pyrosol process f a l l s  i n t o  the 
l a s t  category above and u t i l i z e s  a m i l d  hydrogenation o f  coal  and heavy o i l  i n  the 
f i r s t  stage. The second stage processes residuum under hydrogen pressure t o  
produce more o i  1. 

Coal-derived 

Thus, combining coal -der ived l i q u i d s  w i t h  

The second category inc ludes processing v a r i a t i o n s  incorporated f o r  
The Cherry-P-process 

Re f ine ry  I n t e g r a t i o n  Considerations 

Since the l a t e  1970's i n t e n s i v e  c a p i t a l  investments in ' res iduum upgrading and 
hyd ro t rea t i ng  capac i t y  have been made by the  r e f i n e r y  i n d u s t r y  f o r  t h e  conversion o f  
heavier  crude o i l  f r a c t i o n s  t o  gaso l i ne  and d i s t i l l a t e  fue l s .  A t  t h e  same time, the  
number of operat ing r e f i n e r i e s  i n  t h e  Uni ted States has decreased from 319 t o  191. 
As shown i n  F igu re  1, t h i s  decrease has been accomplished p r i m a r i l y  by the  deac- 
t i v a t i o n  o f  a number o f  low capac i t y  r e f i n e r i e s  operat ing i n  the  hydroskimning o r  
topping mode. The major  d r i v i n g  f o r c e  f o r  t h i s  real ignment i n  r e f i n i n g  capac i t y  has 
been l a r g e l y  due t o  a growing imbalance between the  residuum content  o f  ava i l ab le  
crude o i l  and a decrease i n  demand f o r  res idua l  f u e l  o i l .  Residual f u e l s  such as 
No. 6 Fuel O i l ,  Bunker C, etc., are by-products o f  r e f i n i n g .  As such, t h e i r  
product ion and a v a i l a b i l i t y  are based on the  demand f o r  t ranspor ta t i on  and d i s -  
t i l l a t e  fue l s .  Based upon da ta  i n  t h e  O i l  and Gas Journal, residuum processing 
(thermal and hydrocracking) capac i t y  as a percent  o f  o v e r a l l  r e f i n i n g  capac i t y  has 
e s s e n t i a l l y  increased 20% s ince  1980 t o  p rov ide  supply  e l a s t i c i t y  f o r  t he  changing 
res idua l  f ue l  demand, represent ing about 19% o f  the today 's  U.S. crude processing 
capacity. The f u t u r e  out look i s  f o r  t h i s  t rend  t o  cont inue as f u e l  o i l  i s  replaced 
by other  energy forms such as coal, nuc lear  and na tu ra l  gas. 
note t h a t  t h i s  process ing of t h e  heavy ends t o  y i e l d  prime products represents a 
reduct ion i n  the  amount o f  crude o i l  r equ i red  t o  meet gasol ine and d i s t i l l a t e  f u e l  
demand. Table 1 presents  a p r o f i l e  o f  t h e  Re f in ing  I n d u s t r y  i n  t h e  U.S. 
While coal l i q u e f a c t i o n  research and development has demonstrated s i g n i f i c a n t  
Progress i n  recent  years, i t  has no t  addressed the  fundamental causes f o r  t h e  h igh  

I t i s  impor tant  t o  
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cos t  o f  coal l i que fac t i on ,  t h e  h igh recyc le  o i l  requirements. I n  a l l  d i r e c t  
l i q u e f a c t i o n  processes coal  i s  s l u r r i e d  w i t h  a process der ived recyc le  o i l  a t  a 
m i c a 1  r a t i o  o f  2 : l  r ecyc le  o i l  t o  coal feed. Coprocessing o f  residuum and coal  
reduces t h e  h igh  cos t  associated w i t h  recyc le  o i l  by e l i m i n a t i n g  o r  reducing the  
requirements f o r  recyc le  o i l .  

Coprocessing hydrocracking technology was o r i g i n a l l y  developed f o r  processing heavy 
crude w i t h  coal  add i t i ves  as a means o f  i n h i b i t i n g  the  format ion o f  coke. The 
CANMET hydrocracking process i s  based upon t h i s  comcept. Th is  emerging technology 
shows promise o f  I]iqh demeta l l izat ion,  residuum hydrocracking, and h igh  conversion 
of t he  p i t c h  (975 F ) f r a c t i o n .  Coal add i t i ves  i nc lude  1.0 - 2.0 wt .% o f  f i n e  coal 
and fe r rous  su l fa te .  

I n t e g r a t i o n  o f  t he  CANMET type process i n i t i a l l y  t o  an e x i s t i n g  r e f i n e r y  and/or i d l e  
u n i t s  i s  a f i r s t  s tep toward u t i l i z a t i o n  o f  coal and heavy o i l s  ( p i t c h  and 
asphaltenes). 
stream may a l s o  be poss ib le  a t  lower coal concentrat ions.  

Coprocessing technologies t o  be inc luded i n  a staged approach are HRI,  Lumnus, and 
t h e  Cherry-P processes which can process up t o  50 w t . %  o f  coal  i n  heavy o i l  
f r a c t i o n .  

Implementation o f  coprocessing w i l l  l i k e l y  r e q u i r e  add i t i ona l  r e f i n e r y  hydrogen 
generation. 
and l i g h t  naphtha. Steam reforming i s  a w e l l  estab l ished and adopted method o f  
generat ing hydrogen. The expansion o f  re forming u n i t s  can be accomplished more 
e a s i l y  than i n t e g r a t i n g  g a s i f i c a t i o n  u n i t s  i n t o  r e f i n e r i e s .  

Hydros tab i l i za t i on  o f  product d i s t i l l a t e s  are incorporated i n t o  a r e f i n e r y  t o  
prov ide hydrotreatment and product s t a b i l i z a t i o n  p r i o r  t o  d i s t r i b u t i o n  ou ts ide  the 
r e f i n e r y  complex. 
r e f i n e r y  u t i l i z i n g  coprocessing der ived l i q u i d s .  

The i n t r o d u c t i o n  o f  coal/residuum coprocessing w i l l  tend t o  reduce crude r e -  
quirements. The ex ten t  o f  reduc t i on  w i l l  be d i c t a t e d  by market demands as we l l  as 
product y i e l d s  and q u a l i t i e s  o f  t he  coprocessing d i s t i l l a t e  l i q u i d s .  Other 
p o s i t i v e  f a c t o r s  are 1 )  t h e  use o f  e x i s t i n g  r e f i n e r y  and i n f r a s t r u c t u r e ,  2 )  b e t t e r  
economics than d i r e c t  l i que fac t i on ,  3 )  compa tab i l i t y  w i t h  the  use o f  heavier  crudes, 
and 4)  t h e  c a p a b i l i t y  o f  i n s t a l l i n g  a coprocessing u n i t  independently from e x i s t i n g  
r e f i n e r y  operations. 

A once through process arrangement w i thou t  t he  use o f  a recyc le  

This w i l l  probably be based upon steam reforming o f  hydrocarbon gases 

Fu r the r  pretreatments f o r  heteroatom removal may be requ i red  i n  a 

Po ten t i a l  Coal Requirements 

An est imate o f  t he  p o t e n t i a l  coal requirements f o r  c o a l / o i l  coprocessing f o r  the 
general r e f i n e r y  types i n  t h e  Uni ted States i s  presented i n  Table 2. 
capac i t i es  represent  an upper l i m i t  f o r  t h e  a p p l i c a t i o n  o f  coa l / res idua  coprocessing 
as f u e l  o i l  product ion was assumed t o  be zero. I t  was a l so  assumed t h a t  CO- 
processing i s  more economic than vacuum d i s t i l l a t i o n  (both cases are h i g h l y  
u n l i k e l y ) .  Based upon a 1985 product ion capac i t y  o f  890 m i l l i o n  tons o f  coal i n  the 
U.S.; coa l  producing capac i t y  would have t o  increase by one- th i rd  i f  the  upper 
l i m i t s  o f  coal / res idua coprocessing were achieved. 

The most l i k e l y  near term app l i ca t i on  f o r  c o a l / o i l  coprocessing appears t o  be f o r  
residuum conversion capac i t y  add i t i ons  t o  low conversion r e f i n e r i e s  t o  improve 
p r o f i t a b i l i t y  and t o  h i g h  conversion r e f i n e r i e s  t o  p rov ide  t h e  c a p a b i l i t y  f o r  
handl ing f u t u r e  feedstocks w i t h  i nc reas ing l y  h igher  residuum content. 
i s  based on the  assumption t h a t  present  t rends toward a heavier  crude feedstocks and 
l i g h t e r  reduced f u e l  o i l  requirements w i l l  continue. 
c i t y ,  average s i z e  Hydroskimming o r  Topping and High Conversion R e f i n e r i e s  

These 

This  premise 

I n  terms o f  r e f i n e r y  capa- 
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processing 25,000 and 150,000 bbl/day o f  heavy crude (25' A P I ) ,  r espec t i ve l y ,  w i l l  
r equ i re  approximately 850 and 4,000 tons/day o f  coal, respect ive ly ,  when 
coprocessing a t  s l u r r y  concentrat ions o f  50%. 
e x i s t i n g  t r a n s p o r t a t i o n  and handl ing experience f o r  coal  f i r e d  i n d u s t r i a l l u t i l i t y  
b o i l e r  app l i ca t i ons .  

These coal  capac i t i es  a re  wel l  w i t h i n  

Process Economics 

While the d e t a i l e d  engineer ing requi red t o  develop d e f i n i t i v e  coprocessing economics 
was beyond the  scope o f  t h e  e f f o r t ,  t h i s  paper would n o t  be complete w i thou t  
present ing some guide l ines.  
p l a n t  with a residuum throughput o f  10,000 bbl /day (600-700 tons/day o f  coa l )  t o  a 
r e f i n e r y  (F igure 2 )  i s  est imated t o  cos t  of t h e  order o f  fl70MM. 
coal  hand1 ing  and preparation, coal/residuum conversion and allowances f o r  
hydrocarbon steam re fo rm ing  f o r  hydrogen generat ion ( -  40% o f  t he  cost ) .  Land and 
owner costs  a re  no t  i nc luded  i n  t h e  estimate. 
actua l  costs  a r e  r e f i n e r y  s p e c i f i c  and w i l l  va ry  g rea t l y ,  depending upon t h e  
adequacy and a v a i l a b i l i t y  o f  r e f i n e r y  u t i l i t y  systems and the degree o f  i n t e g r a t i o n  
capabi 1 i t y .  

Oevel opment Program Requirements 

For  t h i s  purpose, t h e  i n s t a l l a t i o n  o f  a coprocessing 

This cos t  inc ludes 

I n  addi t ion,  i t  must be stressed t h a t  

A p o t e n t i a l l y  broad v a r i e t y  o f  coals  and petroleum res idua  are candidates f o r  
coprocessing. 
bench scale experiments t o  de f i ne  product q u a l i t y .  I n  addi t ion,  b e t t e r  
cha rac te r i za t i on  o f  hydrogen requirements are requ i red  t o  improve economies. These 
data are requ i red  t o  f a c i l i t a t e  t h e  design and i n t e g r a t i o n  o f  coprocessing u n i t s  
i n t o  e x i s t i n g  r e f i n e r i e s .  

The p r o p e r t i e s  o f  these feedstocks w i l l  have t o  be i nves t i ga ted  i n  

Conclusions 

Although continued Research and Development are requ i red  t o  de f i ne  product  q u a l i t y  
and y ie lds ,  coprocessing o f  coal  and res idua l  o i l  shows promise. I t  i s  an t i c ipa ted  
t h a t  i n i t i a l  a p p l i c a t i o n  o f  coprocessing w i l l  i n v o l v e  t h e  u t i l i z a t i o n  o f  small 
amounts of coal (1-2 wt.%) i n  e x i s t i n g  r e f i n e r i e s .  This w i l l  be fo l lowed by 
demonstration u n i t s  (10,000-15,000 bbl/day) u t i l i z i n g  a staged approach, processing 
30-40 wt .% coal. Commercial u n i t s  should be able t o  process up t o  50-60 w t . %  coal 
and w i l l  be i n teg ra ted  i n t o  h igh  and low conversion r e f i n e r i e s  us ing  vacuum res idua 
as feedstocks and t h a t  t h e r e  i s  a p o t e n t i a l  f o r  t he  i n s t a l l a t i o n  o f  upwards o f  100 
u n i t s  o f  10-15,000 bbl/day capaci ty .  
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TABLE 1 

OIL R E F I N I N G  PROFILE (CONTINENTIAL USA) 

Low High Spec ia l t y  
Hydroskimming Conversion Conversion Plants  

Number o f  
Re f ine r ies  24 59 61 41 

Capacity, 
K BBLlday 560 4,685 9,215 475 

% Capacity 4 31  62 3 

Operate, % 30 25 90 Low 
Major 's  

Source - O i l  and Gas Journal 

TABLE 2 

IMPACT OF CONVERSION OF E X I S T I N G  REFINERY 
CAPACITY TO ADVANCE0 COP ROCESSING OF FUTURE HEAVY CRUDES 

Coal Consumption, MMTY 

Feedstock 

E x i s t i n g  Re f ine ry  Type Atmospheric Residuum Residuum 

Hydroskimning 9 - 11 3 -  6 

Low Conversion 

High Conversion 

74 - 94* 

146 - 185* 

229 - 290 

* Requires Shutdown o f  E x i s t i n g  Un i t s  
- -Pr ime App l i ca t i on  f o r  Coprocessing 

58 - 99* 

91  - 155 
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FIGURE 1 

I DISTRIBUTION O F  REFINERIES BY SIZE j 
I 1980 to 1985 

I THOUSAND BARRELS PER DAY 

FIGURE 2 
FLOW DIAGRAM 

HIGH CONVERSION REFINERIES WITH COPROCESSING 

-- 
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